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ABSTRACT

Soils arealwaysdisturbedduringloggingoperations.In
highlydisturbedroads,landing,andpermanentskid trails,
landistakenoutof productionfor atleastarotation.Less
severesurfacedisturbancesuchascompaction,scarifica-
tion, andruttingmayleadto off-siteimpactsfromsoilero-
sionandstreamsedimentationor on-siteimpactsof lowered
soil fertility andimpairedwaterrelationsthatimpedeseed-
ling establishmentorreducegrowthof residualtrees.Cable
loggingreducesor avoidsdisturbanceby eliminatingequip-
ment suchas rubber-tiredskiddersfrom sites.

I comparedthe severity of soil disturbanceon cable
loggedversusconventionallyloggedsiteson steepslopes
on theAlleghenyPlateau.Twocommercialtimbersaleson
theAlleghenyNationalForestinMcKeanCountyprovid-
edacomparisonwheresoilsandslopesweresimilar.Area
of soil disturbancewasestimatedbysystematicallysampl-
ing alongtransectsin threestandscoventionallyharvested,
and threestandsharvestedusinga skyline cablesystem.
Therewasminimal soil disturbanceon sitesloggedwith
cableequipment.Theamountof landdisturbedalongthe
in-haulpathwasmuchlessthantheareadisturbedby skid
trails inconventionallogging. Overtwo-thirdsof thearea
of thecableloggedstandswasundisturbed,ascompared
to lessthanone-thirdof theconventionallyloggedstands.
Evenwheresoil wasdisturbedalongthemain in-haulpath
andlateralin-haulpaths,compactionwasminimal.Com-
paredto conventionalloggingon steepslopes,cablelogg-
ing createsmuch lessdisturbance,with minimal effecton
sitequality.
IJ PA Acad Sci 64(3):127-130,1990]

INTRODUCTION

As manyas800,000acresof highqualityhardwoodforests
in Pennsylvaniaareunsuitablefor conventionalthinning
andharvestingoperationsbecauseof steepslopes,poorly

drainedsoilswithseasonallyhighwatertables,orecologi-
callyfragilesitessuchasforestedwetlands.Landmanagers
areconcernedabouttheadverseon- andoff-site impacts
resulting from soil disturbancecaused by logging
equipment.

Soilsare always disturbedduring logging operations.
Highlydisturbedroads,permanentskidtrails,andlandings
representland takenout of productionfor a rotation or
longer(Kochendorfer,1977).Lessseveresurfacedisturb-
ance,suchasrutting, scarificationandcompactioncaused
by rubbertired skiddersandotherconventionalharvesting
equipment,mayleadto off-site impactsfromsoil erosion
andstreamsedimentationoron-siteimpactsof loweredsoil
fertility andimpairedwaterrelationsthatimpedeestablish-
mentandgrowthof seedlingsorreducegrowthofresidual
trees(Froelich, 1979;FroelichandMcNabb, 1984).

Theextentofdisturbancecausedby loggingisinfluenced
by thekind of equipmentandthe way it is used;the area
devotedto roadsandpermanentskidtrails;andtheprod-
uctsremoved—thesizeof individual trees,totalvolumes,
andwhetherwholetreesor juststemsareremoved(Tritton
andJohnson,1988).Cableyarding, in which logsare re-
movedby a suspendedcablesystemratherthanby ground-
basedloggingequipmentoperatingonthesite,mayreduce
soil disturbance.Cableyardingis provingto be a feasible
technologyfor loggingon thesteepslopesandfragile sites
of theAlleghenyPlateau.

CurrentinterestincablelogginginPennsylvaniahasbeen
limited topublic landmanagersandthefocusthroughout
thenortheasthasbeento demonstratetechnicalandeco-
nomic feasibility (Fairweather, in press; Durner, 1990;
LeDoux, 1985;NYSERDA, 1986; Peters,1982).1 under-
tookthis researchtoprovidepublic landmanagerswith in-
formationon theeffectsof cableloggingon soilsandpossi-
ble environmentalbenefits,as comparedto conventional
logging of steepslopeson theAlleghenyPlateau.

METHODS

TwocommercialtimbersalesontheRidgwayDistrictof
the AlleghenyNationalForestprovideda comparisonof
conventionalandcableloggingof siteswith similar soils
andslopes.The two timber saleareaswereon opposite
slopesoverlookingthe SouthBranchof KinzuaCreekin
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TABLE 1. Characteristicsofthestandssampledfromtwocommercialtimbersaleson theRidgwayDistrict, Allegheny
NationalForest,McKeanCounty,PA.

Location

Conventional
GibbsHill 13

14
15

Cable

Aspect Slope

(%)
ENE 35
ENE 35
ENE 35

Area

(acres)
10
13
17

Sawtimber
volume

(MBF/acre)
2

11.2
14.5
9.6

Pulpwood
volume

(cords/acre)
5.2
4.6
8.9

Total
volume’

(MBF/acre)
13.8
16.8
14.1

Shctgun— ~7 ~ IYY __

9, 11

~UT A5 10 68 1fl3 1211

7.9 10.3SW 35 15 13.1

‘Pulpwood volume convertedto 1/4” InternationalLogRule usingtheaproximationof 500bd. ft. per cord.
‘MBF/acre= thousandboardfeetper acre,1/4” InternationalLog Rule

McKeanCounty.Bothareaswerecommerciallyclearcut.
TheGibbsHill salewasconventionallyloggedwithrubber-
tired skiddersbetweenJuly, 1987andAugust,1988.The
ShotgunsalewasloggedbetweenSeptember,1987andJuly,
1988witha skylinecablesystemwhichconsistedof atruck-
mounted,two-drum yarder and40- foot tower with a
manuallyset carriage.

Threestandsin eachsaleareawere sampledandtheir
characteristicsaresummarizedin Table1. Slopesranged
from 35% to45%.Soilsof bothsaleareaswereHartleton
(loamy-skeletal,mixed, mesicTypic Hapludults)on the
upperslopesand Buchanan(fine-loamy, mixed, mesic
Aquic Fragiudults)at lower slope positions(Churchill,
1987).Individualstandsrangedfrom 10to 17acres.Stand
volumesbeforeharvestrangedfrom 12,000to 19,000board
feetperacre(Table1). Standsinbothsaleareasweretypical
AlleghenyHardwoodtypes(Table 2).

Areaof soil disturbancewasestimatedin eachstandby
systematicallyexamining100pointsalong atransectthat
followedslopecontoursroughlyperpendicularto logging
activity. Pointswereapproximately25feetapart.Eachpoint
wasplacedin oneof threedisturbanceclasses,according
to the methoddescribedby McMinn (1984):
Class1—Undisturbed;duff or litter coversthe surface.
Class2—Exposed;litter andduff havebeenscrapedaway
exposingmineralsoil,without scarification.
Class3—Dislocated;mineralsoilexposedandscarifiedor
dislocated.

A log-linearmodelwasfit tothe2 by3 contingencytable
usingtheSYSTATmicrocomputer-basedstatisticalanalysis
softwarepackage(Wilkinson, 1988). The PearsonChi2
statisticwasusedtotestfor independence.Significancetests
wereat the 0.01%level.

RESULTS

Therewasminimal soildisturbanceon sitesloggedwith
cableequipment(Figure 1).On average,only4% of thearea
inthesestandswasin themostdisturbedClass3 (dislocated)
ascomparedto32%oftheareaintheconventionallylogged
stands.Overtwo-thirds of the areaof the cablelogged
standswasundisturbed(Class 1), comparedto less than

one-thirdof theconventionallyloggedstands.ThePear-
sonChi2with two degreesof freedomwas134.9,indicating
that theamountof disturbanceof thetwo loggingmethods
wassignificantlydifferent.Evenwhentheresultsarecol-
lapsedinto onlytwo classes,disturbedversusundisturbed,
cableyardingshowssignificantlylessdisturbance(Thble3).

Theareadisturbedalongin-haulpathsof cablelogged
stands(Figure2)wasestimatedby measuringthewidthat
severalpointsalongthepath.Theaveragewidthof disturb-
ancewas6 feet,but disturbancewasnotevidentalongthe
entirelength of thepath.The occurrenceof disturbance
likely wasinfluencedbytheshapeof theslopeandwasevi-
denton convex, bench-likefeaturesassociatedwith old
windthrowmounds.Alongmuchofthepath,however,soil
wasundisturbed.In areasalongstreams,wherefull suspen-
sion of logs was requiredby conditionsof the sale (S.
Wingate,USFSRidgway,pers.comm.,1989),no disturb-
ancewasdetectedwithin 10to 20 feetof eithersideof the
streams.

TABLE 2. Speciesdistributionof pre-harvestsawtimbervolumeon the
standsloggedconventionally(GibbsHill 13, 14,and15)andthestands
harvestedwith a cablesystem(Shotgun7, 8, and 9+ 11).

Species

Location

GibbsHill Shotgun
13 14 15 7 8 9,11

Black Cherry
PrunusserotinaEhrh.
WhiteAsh
FraxinusamericanaL.
SugarMaple
AcersaccharumMarsh.
RedMaple
AcerrubrumL.
AmericanBeech

Volume(MBF/acre’)
5.1 6.5 3.4 2.5 3.5 4.3

0.1 0.3 1.1 1.1 1.5 1.0

3.4 4.8 3.4 3.6 1.2 1.4

0.1 0.7 0.2 1.3 0.3 0.3

1.9 1.5 0.5 1.5 0.3 0.9
Fagusgrandifolia Ehrh.
Basswood 0.4 0.7 1.0 — — —
Tilia americanaL.
YellowPoplar 0.2 — 0.1 — —
Liriodendrontulip~/eraL.

‘MBF/acre = Thousandboardfeetper acre,1/4” InternationalLogRule
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DISCUSSION

Themostobviousdamagethatcanbeavoidedby using
cableloggingonsteepslopesistheamountof landseverely
disturbedby skidtrails.On steepslopesover35%,skid trails
in conventionalloggingoperationsmustbe locatedclose
togetherto minimizetravel acrossslopeby equipment.
Kochendorfer(1977) foundskid trails as closeas 150 ft.

overby skiddersduringconventionallogging, althoughthe
entiregroundsurfaceundertheskidderwasnotnecessar-
ily affected.Unfortunately,a reliablewayto measurethese
effectsunderoperationalconditionsdoesnotexist.Some
portionof the“undisturbed”samplepointsin theGibbs
Hill standswereprobablyaffectedby this subtleform of
disturbance.

Cableloggingdisturbedsignificantlylesssoil thancon-
~ir1nrt in Wp’~t viraini~ Kec211I~ev kid tral I ~~re Ill amy corn- -- ventiOn~tlfl~grng Ow~teepsiflpesiWtnesestaiIus 1111 UIC

a22,..2 ,Jxt,.,.n I u,..o,o.a,,%. L~Afl.II ~JLfl tfl jflsJtts~

tion duringthenext rotation.Whatis more,acceleratedero-
sionis likely from thesetrails.Evenwith seasonalrestric-
tionsimposedto reducetheimpactsof harvestingduring
wet soil conditionson the Gibbs Hill sale, erosionand
sedimentationwereobserved(S. Wingate,USFSRidgway,
pers.comm., 1989).

Lessobviousdisturbanceby skiddersin conventionallog-
gingcomesfromsoil compactionthatdoesnotdisturbthe
surfacebutmayaffectfutureproductivity.Evenonepass
of a skidder tire can causecompactionon some soils
(Froelich, 1979;FroelichandMcNabb,1984)andlargeareas
of astandcanbeaffectedby compactiondisturbancedur-
ing conventionallogging. L.R. Auchmoody(USFSWar-
ren,pers.comm.,1989)observed85%-90%ofastandrun

TABLE 3. Contingencytable analysisof logging impacts.

DisturbanceClass

Undisturbed Disturbed’ TotalLogging Type

Conventional
2

Cable2
83 217 300

213 87 300

Total 296 304 600
PearsonChi’, 1 Degreeof Freedom=36.98,Probability <0.001

‘Disturbedrepresentsboth Disturbanceclass2 (Exposed)andDisturb-
anceClass3 (Dislocated).

‘Data arebasedon 100samplepointsin eachstand.
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FIGURE1. Areaofsoildisturbancein eachstand,expressedasthepercen-
tageof samplepoints in eachdisturbanceclass.
(OH = GibbsHill, SO= Shotgun).

of studiesfromotherareasof thecountry(McMinn, 1984)
Even wheresoil was disturbedalong main in-haul and
lateralin-haul paths(Figure2), rutting andcompaction
wereminimal.Comparedtoconventionalloggingonsteep
slopes,cable logging createsmuchless disturbanceand
shouldhaveminimaleffecton sitequalityandfuturestand
productivityaswell asmuchlesspotentialfor off-siteen-
vironmentalimpacts.
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FIGURE2: Soildisturbancefromcableloggingisgreatestalongthemain
in-haul pathbut evenhere,rutting andcompactionareminimal.


